The distribution of the virulent plasmid pBC210 of B. cereus that carries several B. anthracis genes and has been implicated in lethal anthrax-like pulmonary disease is unknown. We screened our collection of 103 B. cereus isolates and 256 soil samples using a quantitative PCR (qPCR) assay that targeted three open reading frames putatively unique to pBC210. When tested with DNA from 2 B. cereus strains carrying pBC210, and 64 Gram-positive and 55 Gram-negative bacterial species, the assay had 100% sensitivity and specificity. None of the DNA from the B. cereus isolates yielded positive amplicons but DNA extracted from five soils collected in Florida gave positive results for all three target sequences of pBC210. While screening confirms that pBC210 is uncommon in B. cereus, this study is the first to report that pBC210 is present in Florida soils. This study improves our knowledge of the distribution of pBC210 in soils and, of public health importance, the potential threat of B. cereus isolates carrying the toxin-carrying plasmid. We demonstrated that sequences of pBC210 can be found in a larger geographical area than previously thought and that finding more B. cereus carrying the virulent plasmid is a possibility in the future.
Introduction
The ubiquitous bacterium Bacillus cereus found in soils, fresh and marine waters, dust, and intestinal systems of many insects has usually been linked to food poisoning yet has also caused a variety of serious infections [1] [2] [3] [4] [5] . Historically, it has been proposed that B. cereus can acquire one or both B. anthracis megaplasmids (pXO1 and pXO2) and currently it is reported that B. cereus carries similar plasmids (i.e., pBCXO1) and subsequently is able to cause anthrax-like illnesses [1, 6, 7] . The megaplasmid pBCXO1 may have been acquired from B. anthracis or evolved after acquisition from some distant ancestor. Some unusual cases of B. cereus infections were fatal anthrax-like pneumonia in immunocompetent healthy workers [8] [9] [10] . An isolate associated with these cases, B. cereus G9241 and related strain 03BB87, carried two large plasmids responsible for their virulence [9, 11, 12] . One plasmid pBCXO1 with >99% similarity to pXO1 carried the genes encoding for toxins, while the second pBC210 (formerly pBC218) appeared to carry the genes that encode for a putative polysaccharide (non-D-glutamyl polypeptide) capsule involved with evasion of host immune responses [9, 11, [13] [14] [15] . At 210 kb, the pBC210 is smaller than originally calculated and has been referred to as either pBC218 or pBC210 in the literature [16] . We will use the latter designation. Studies have shown that both plasmids have to be present for G9241 to achieve full virulence [6] .
Some researchers debate whether B. cereus G9241 should be considered a frank or opportunistic pathogen [6] . The fact that B. cereus G9241 contains two virulent megaplasmids places it with the pathogenic B. anthracis. However, animal studies have equated the virulence of B. cereus G9241 to that of B. anthracis Sterne as opposed to the highly virulent B. anthracis Ames [6] . Yet healthy individuals have died from infection with B. cereus G9241. Therefore, it is important to determine the distribution of the pBC210 plasmid and any B. cereus strains carrying it. In order to screen our soil sample and Bacillus collection, we developed a rapid quantitative PCR (qPCR) assay to target three open reading frames that have been reported as only in pBC210 and so discriminate B. cereus with pBC210 from closely related bacillus and other bacteria. We screened DNA extracts of 256 soil samples collected from Florida, Texas, and elsewhere in the United States and DNA from 103 B. cereus and 119 other bacterial IN, USA) , or a boil preparation method used by the Tampa FDOH, a reference lab in the Laboratory Response Network, and is described as follows. Bacterial growth from an overnight cultured media plate was removed and placed into 100 L of sterile water and boiled for 5 minutes, placed onto ice for 2 minutes, and centrifuged at 12,000 ×g for 10 min at 4 ∘ C. The supernatant was transferred to a 0.1 M filter tube (Millipore Corporation Billerica, MA) and centrifuged for 2 min at 8,000 ×g. 10 L of all filtrates and DNA extractions of BSL3 isolates (following the University of South Florida Institutional Biosafety Committee guidelines) were used to inoculate a BA media culture plate and incubated at 35 ∘ C for 2 days. Extracts and boil preparation filtrates having no growth were allowed out of the BSL3 environment and made available for molecular work. All DNA were stored at 4 ∘ C or −30 ∘ C until used.
Plasmid Extraction of pBC210.
Extractions of pBC210 from the two B. cereus G9241 strains (CBD 1056 and 1057) were performed as previously described [21] . The extracts were tested for sterility as the genomic DNA above and stored at 4 ∘ C or −30 ∘ C until used.
qPCR Design.
Open reading frames (ORFs) that according to other researchers are specific to pBC210, pBC218-0047, and pBC218-0072 (formerly pBC218-0073) were selected as targets for primer design [11] . The whole gene sequence for each ORF was identified on the GenBank sequence for pBC210 (accession number AAEK01000004.1). For the internal amplification control (IAC), the 16S rRNA sequence of B. cereus (GenBank accession number X55060) was used. These sequences were then copied and placed into the online program PrimerQuest by Integrated DNA Technologies (IDT) (Coraville, IA) to design the real-time PCR primers and probes (Table 2) . Parameters necessary for optimal primer and probe design were that the amplicon should be 50-150 bp, the primer melting temperatures close to 50-60 ∘ C, and probe melting temperature 10 ∘ C higher (68-70 ∘ C). Confirmation of pBC210 plasmid in the positive soil DNA extracts was performed using a primer set designed specifically to ORF BC218-0067 that encodes for a transcriptional regulator protein LytR on the pBC210 GenBank sequence (accession number AAEK01000004.1) ( Table 2 ). Later, this primer set was used to test all of the bacterial and soil sample DNA extracts ( Table 1) .
The qPCR reaction mixture (final volume, 20 L) consisted of 3 L of DNA template (ideally 0.5-1.0 ng/ L) and 10 L TaqMan Fast Universal PCR Master Mix 2X (Applied Biosystems, Foster City, CA). The volumes of the primer and probe working stocks (100 M) were 0.09 L of each primer and 0.03 L of probe, giving final concentrations in the reaction of 450 nM (primer) and 150 nM (probe). The remaining 6.79 L of the reaction mixture consisted of molecular biology grade water (Fisher Scientific, Fair Lawn, NJ). All qPCR was performed on the ABI 7500 Fast Real Time PCR system (ABI, Delray Beach, FL) with the following conditions: initial Taq activation at 95 ∘ C for 20 seconds followed by 40 cycles of 95 ∘ C for 3 seconds and 60 ∘ C for 30 seconds.
Limit of Detection, Sensitivity, and Specificity of qPCR.
To be confident our assay was robust and could detect the pBC210 sequence targets, we determined its limit of detection (LOD), sensitivity and specificity. For the LOD, the concentration (ng/ L) of both genomic and plasmid DNA from the two strains of B. cereus G9241 (CBD 1056 and CBD 1057) was measured using the GeneQuant Pro spectrophotometer (Biochrom Ltd., Cambridge, England) and then diluted 10-fold from 10 −1 to 10 −9 in two separate series and used as template for the qPCR assays as above using the different primer sets. All dilution samples were tested in duplicate in an assay and all assays were performed at least twice. All three target sequence assays were examined. CT values from 30 to 35 were considered positive, 20-30 were strong positives, and 36-39 were weak positives. A dilution that yielded CT values greater than 40 was considered too weak, and the limit of detection would correspond to the concentration of DNA in the preceding dilution.
Although only two isolates of B. cereus G9241 were available, the sensitivity of the assay primer sets was determined by multiple testing (250 tests) of these strains using the optimal concentration (0.75 ± 0.25 ng/ L) of DNA as template. Specificity was determined by testing the assay primer sets against 48 isolates of Bacillus species, including 27 isolates of closely related members of the B. cereus group (B. anthracis, B. mycoides, B. pseudomycoides, and B. thuringiensis), and against both Gram-positive and Gram-negative bacterial isolates listed on Table 1 . The presence of pBC210 in B. cereus isolates and in the environment was determined by testing the assay against the 103 B. cereus in our collection (isolated from clinical and environmental sources) and against DNA extracted from 256 soils previously tested for B. anthracis (Table 1) .
Results and Discussion
The qPCR assay targets and identifies the presence of three open reading frames reported by other researchers to be exclusively in the pBC210 plasmid [10] . All qPCR assays for the targets consistently gave positive results in over 250 tests with DNA from the two positive control strains (CBD 1056 and 1057) ( Table 1 ). The LOD for the targets in the assay was 0.06471 ng/ L for CBD 1056 and 0.06873 ng/ L for CBD 1057 using genomic DNA and three logs lower for plasmid DNA (Table 3 ). For simplicity, Table 3 gives the values of only one target sequence (ORF 0047) but all three sequences were examined and yielded essentially the same LOD for both positive control strains. All tests using DNA from other bacteria, including many isolates in the B. cereus group (excluding other B. cereus), produced negative qPCR results. Because the assay had 100% sensitivity and specificity, we were confident that it would detect the pBC210 plasmid in our soil samples. When we tested the DNA extracted from the 256 soils that had been previously tested for B. anthracis plasmids, pXO1 and pXO2, we found five (2%) soil samples that produced positive qPCR amplicons for ORF International Scholarly Research Notices 5 Undetected Undetected
The genomic DNA was extracted using the boil preparation method, while plasmid DNA was extracted as previously described [17] . The starting DNA concentration of CBD 1057 was 687.3 ng/ L and 16.5 ng/ L for genomic and plasmid extractions, respectively. The CT averages and ranges for ORF 0067 and ORF 0072 were similar (±1.2 and ±1.4, respectively, for genomic DNA) to the values above for both CBD 1056 and 1057. Thus, these were not included in this  table. CT values ≥40 are regarded as negatives. The limit of detection was then determined to be the prior dilution. a "CT" denotes cycle threshold value. b "Undetected" denotes that no CT value was given for the sample tested. The five soils obtained from Florida yielded positive results for ORF 0047 and ORF 0072. Subsequently, the soils were also tested with the primer and probe set for ORF 0067 for confirmation. All assays were performed in duplicate in multiple runs and by two different personnel in order to rule out errors.
c Soils had been previously tested for the genes lef, pag, and cya of pX01 and capC on pX02 of B. anthracis as previously reported [16] [17] [18] .
0047 and ORF 0072 (Table 1) . These five soil samples were all from Florida and also yielded positive amplicons for ORF 0067 (Table 4) . Upon repeated testing all five soil samples consistently produced positive amplicons for all three targets. None of these five soils produced a positive amplicon for only one but not the other targets. In previous tests, three of the samples gave negative results for pXO1 and pXO2, while two soils produced positive qPCR amplicons for pXO1 (Table 4) . None of the other soils from Florida or elsewhere produced any positive amplicons for any one of the three target sequences of pBC210. As expected, the CT values for the positive controls for the three sequences were much smaller when plasmid was used as template as opposed to that obtained from genomic DNA template (Table 1 legend) .
The CT values for the target sequences obtained from the positive control genomic DNA extractions (Table 1 legend) were closer to but not quite as high as the CT values obtained from tests of the positive soils (Table 4 ). This suggests a much lower number of bacteria with the target genes being present in the soils. The fact that the CT values vary from soil to soil sample and even from one target assay to another may reflect the low number of bacteria or that the target genes are not of the same numbers in each sample or are an artifact of sampling error when the testing was performed. It is very interesting that the testing of soil sample 42 produced much lower CT values for ORF 0067 than for ORF 0047 and ORF 72. This could have been due to a testing method problem or the fact that ORF 0067 was present in the sample in much higher copies, perhaps also in other plasmids, or in other bacteria. We then screened the DNA from the 103 B. cereus isolates in our collection. These had not been previously examined for pBC210 by other means and so were unknowns. Therefore, data using these strains were not included in specificity calculations. None of the DNA from the 103 B. cereus isolates produced positive amplicons for the pBC210 targets (Table 1) or for pXO1 or pXO2. Most of these isolates came from soils, powders, clinical samples, and marine samples that were collected in various parts of the United States, but primarily from Texas and Florida.
This assay appears to identify the B. cereus G9241 from closely related Bacillus spp. and other bacteria with 100% specificity. The assay is based on specific sequences of pBC210 putatively not found on other known Bacillus plasmids [11] .
It is theoretically possible that one target or the other could be carried by a currently unknown plasmid but using two putatively unique targets on pBC210 lowers the assay's potential for false positive results. The possibility of false positives is further reduced by the use of the third DNA target also reportedly unique to pBC210. Yet the possibility still exists that the three sequences are on different plasmids or chromosome of more than one bacterial cell in the soil.
We are the first to find evidence of three DNA sequences reportedly unique to pBC210 in Florida soils. Even though only 256 soils were tested, we still identified five soils that yielded positive qPCR for the three pBC210 targets. This represents 2% of all of the soils tested and 7% of the Florida soils. This work illustrates the need to survey many more soil samples to better understand the prevalence of the targeted genes, the pBC210 plasmid, and virulent B. cereus like B. cereus G9241 in the environment. At the time of initial testing of the soils, our laboratory was solely looking for B. anthracis and not for B. cereus and no isolates of B. cereus from those first tests were saved for further testing. Although many attempts were made using different selective media and methods, we were unable to isolate any bacterial strains that carried the plasmid from the scant amount we had left of the five positive soil samples. We surmise that the number of pBC210 carrying B. cereus may be extremely low when compared to other B. cereus strains in each soil sample. Yet the fact that we identified five soils that produced positive qPCR results for 3 target genes that are putatively unique to pBC210 demonstrates the need to test more soils and to isolate the B. cereus or other bacterial isolates that may carry the target genes on either the plasmid or the chromosome.
The primary obstacle in evaluating B. cereus isolated from patient cultures is overcoming the commonly held view that B. cereus is an "insignificant laboratory contaminant" [1] . While few B. cereus derived pulmonary infections have proven to be lethal, pBC210 has been found to be carried by the B. cereus isolated from some of these lethal cases. The fact that our study shows that the virulent plasmid may be found in more areas than in the Texas/Louisiana areas gives strength to the argument that clinicians might consider the possibility of a virulent B. cereus as the cause of infection. Future screening of more soils across Florida, Texas, Louisiana, and other states would give a clearer picture of the geographical distribution of this plasmid. In addition, the search would ideally include examining other Bacillus species besides B. cereus because none of our soils that were positive for the plasmid yielded B. cereus isolates that carried the plasmid.
Conclusion
This study is the first to report that three sequences reportedly unique to the pBC210 plasmid are present in DNA extractions from Florida soils. We suggest that the distribution of the pBC210 plasmid be expanded from Texas and Louisiana to now include Florida. We were able to identify five soil samples that appear to have the pBC210 plasmid present using qPCR targeting three open reading frames that are putatively only found in pBC210. These five samples are 2% of the total number of soils tested but represent 7% of Florida soils. This higher percentage may indicate that B. cereus or other Bacillus spp. carrying the virulent plasmid are more prevalent in Florida than in Texas or Louisiana. Thus, further work to examine the distribution of pBC210 carrying Bacillus sp. not only in Florida but also in other areas is warranted.
